Biopterin (BP),
Introduction
Since the 1980s, the increase in UV-B (280-315 nm) radiation reaching the Earth's surface because of the stratospheric ozone depletion has been considered to be a serious problem for anthocyanins, hydroxycinnamic acid esters, and sinapic acid esters, in epidermal cell vacuoles in response to the UV-B radiation (Burchard et al. 2000; Chapple et al. 1992; Schwinn et al. 2009 ). All of these substances are products of the phenylpropanoid pathway, its branching __________________ *Corresponding author: Junko Takeda, E-mail: jtakeda-chappy3@ares.eonet.ne.jp pathway, and the flavonoid pathway. First, phenylalanine ammonia lyase (PAL), a key enzyme in these pathways, was introduced into a terrestrial plant ancestor by horizontal gene transfer directly from a bacterium or possibly via the Dikarya fungi (Emiliani et al. 2009 ).
Subsequently, terrestrial plants developed several secondary metabolic pathways to adapt themselves to various terrestrial ecosystems.
Among them, the light-induced anthocyanin accumulation has been extensively studied in various plants, such as grape, strawberry, and maize. The action spectra for anthocyanin accumulation indicate the presence of a specific UV-B photoreceptor with a chromophore that may be a reduced pterin compound (Galland and Senger 1988; Takeda 1988; Yatsuhashi et al. 1982 ).
To elucidate the molecular identity of the putative UV-B photoreceptor, we determined the action spectra of anthocyanin accumulation and PAL and chalcone synthase gene expressions in cultured carrot cells (Takeda and Abe 1992; Takeda et al. 1994 ), and we examined the effects of a pterin biosynthesis inhibitor on these UV-B responses (Takeda et al. 2014 ). The results indicated that the putative UV-B photoreceptor has an unconjugated pterin, tetrahydrobiopterin (H 4 BP), as its chromophore.
In 2002, the UV-resistant locus 8 (UVR8) in Arabidopsis was cloned (Kliebenstein et al. 2002) , and its product was found to be a novel UV-B photoreceptor (Christie et al. 2012; Rizzini et al. 2011; Wu et al. 2012) . Because the chromophores W285 and W233 of UVR8 were elucidated, we re-examined the action spectra of the anthocyanin synthesis, the PAL and HY5
transcripts (Brown et al. 2009 ). We demonstrated that all action spectra were accounted for by the sum of the UVR8 (280 nm peak) and H 4 BP (ca. 300 nm peak) absorption spectra. Thus, we concluded that the anthocyanin synthesis is co-regulated by UVR8
and H 4 BP-type photoreceptors (Takeda et al. 2014 ).
For the biochemical identification of the H 4 BP-type photoreceptor, the biopterin (BP)-binding activities of candidate proteins should be measured in a simple and rapid manner. We used a real-time interaction analysis system such as Biacore (GE Healthcare) for this purpose. Because the preparation of BP-sensor chip using the manufacturer's directions was unsuccessful (Takeda et al 2013) , we tried to introduce a primary amino group to one of the hydroxyl groups at the BP propyl side chain that was applicable to the conventional amine coupling method (Takeda et al. 2013) . However, the new method was too complex for practical use.
In the present study, we report an effective and simple method to construct a Biacore sensor chip that senses BP (BP sensor chip). The validity of the BP sensor chip was tested by applying it to the paraflagellar body (PFB)-rich fraction of Euglena because the presence of pterin-binding protein in PFB has been spectroscopically demonstrated (Häder and Lebert 1998) . After centrifuging the lysate at 10,000 × g for 10 min at 4°C, the supernatant was used as the crude extract. The crude extract was desalted on a PD-10 desalting column (Amersham Biosciences, Uppsala, Sweden).
Materials and methods

Culture conditions
Fractionation of the crude extract on an anion exchange column
The crude extract was applied to an anion exchange column ( 
Preparation of BP-EAH Sepharose gel
EAH-Sepharose 4B (7-12 µmol NH 2 /ml gel; GE Healthcare Bioscience AB, Uppsala, Sweden) was washed with MilliQ water (EMD Millipore, Billerica, MA, USA) and equilibrated with 100 mM Na 2 CO 3. An equal volume (2 ml) of activated BP and EAH-Sepharose solution (1 g/2 ml) was mixed and manually agitated for 30 min to prepare the BP-EAH Sepharose gel. The mixed solution was then adjusted to 4 ml with distilled water, and the gel was collected by centrifugation and repeatedly washed with 100 mM Tris buffer, pH 8.
Preparation of the BP-sensor chip
The BP-sensor chip was made using a CM5 sensor modified to carry free amino groups by amine coupling according to the manufacturer's instructions. Activated BP was mixed with buffer (100 mM Na 2 CO 3 , pH 10) at a 1:1 ratio and quickly injected over the amine surface to prevent hydrolysis, and it was allowed to react for 30 min.
Biacore measurements
The Biacore measurements were taken using the Biacore X system equipped with the CM5 
Treating the samples with BP-EAH Sepharose or EAH-Sepharose gel and sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis (SDS-PAGE)
A 0.5-ml aliquot of each fractionated sample was mixed with 0.5-ml of BP-EAH Sepharose or EAH-Sepharose gel equilibrated with 100 mM Tris HCl (pH 8) and agitated for 24 h with a Mini Disk Rotor (Bio Craft Co. Ltd., Tokyo, Japan) in a cold room at 4°C to prevent the precipitation of the gel. The gel was collected by centrifugation at 9,000 rpm for 1 min, and the supernatant was analyzed by SDS-PAGE.
The gels were then stained using a silver-staining kit (GE-Healthcare Bioscience).
The protein concentration was determined using the Bradford (Bio Rad Laboratories Inc.)
or micro BCA reagent (Thermo Fisher Scientific Inc.).
Results
We previously reported that
an activated hydroxyl group of BP, effectively couples to a primary amino group of a diamine at high pH (Takeda et al. 2013 ). In the present study, we applied the same coupling reaction (Fig.  2) .
BP-O-C(=O)-OSu is shown as a peak, eluting
at about 4 min (Fig. 2b) . The peak was fork shaped, indicating that the product contained two structural isomers, probably derived from the two hydroxyl groups in BP.
BP-O-C(=O)-OSu either rapidly reacted with
the EAH Sepharose primary amino groups or was hydrolyzed to BP. Thus, only the BP peak was observed in the supernatant after centrifugation (Fig. 2c) . The amount of BP incorporated into the gel was calculated from the difference in the BP peak area before (a) and that after (c) the coupling reaction. The Next, we applied the BP-sensor chip to the crude extract fractionated by anion exchange chromatography with a salt gradient (Fig. 4) and determined the ΔRU value for each fraction.
The active fractions with high ΔRU values (peak at #30) eluted with NaCl at the concentration between 0.18 M (fraction #28) and 0.24 M (fraction #32). PFB-flagella preparations with apparent molecular masses of 24,000-28,800 using liquid chromatography. However, the molecular identity of these proteins was not elucidated. In the present study, we could not detect these proteins probably because of the differences in the preparation of the starting materials.
Molecular identification of the 37-kDa protein that we detected will be the subject of a future study.
